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© A photodiode array spectrometer for determining 
the spectral composition of a polychromatic beam of 
radiation comprises diffraction means (10) which 
generate from the polychromatic beam a diffracted 
beam with a plurality of spatially separated diffracted 
rays of different wavelengths (Xi M M ) . A 
photodiode array (1 1 ) receives the diffracted beam 
whereby each photodiode intercepts a different 
spectral portion of the beam. A rotatable transparent 
piate (8) is provided in the beam path in front of the 
diffraction means (10) which, due to refraction of the 
beam upon entering and leaving the plate (8), per- 
mits to vary the direction of the beam impinging on 
the diffraction means (10) and therefore the direction 
of the diffracted beam in small steps depending on 
the angle of rotation of the plate (8). By the stepwise 
displacement of the diffracted beam across the 
photodiode array (11) ., a better sampling of the 
diffracted beam and therefore an improved .spectral 
resolution is achieved. The invention can be used in 
the spectrometry analysis of a sample contained in 
a sample cell (5), whereby the sample ceil is irradi- 
ated with polychromatic light from a light source (1). 
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PHOTODIODE ARRAY SPECTROMETER 



The invention relates to a photodiode array 
spectrometer for determining the spectral composi- 
tion of a polychromatic beam. of radiation according 
to the preamble of claim 1. Such spectrometers 
can be used, for example, for measuring the ab- 
sorption spectrum of a sample substance in order 
to derive information about the chemical composi- 
tion of the sample and the quantities of the individ- 
ual constituents in the sample. 

A photodiode array spectrometer according to 
the preamble of claim 1 is known from a "A High- 
Speed Spectrophotometry LC Detector", Hewlett- 
Packard Journal, April 1984. This known spectrom- 
eter is used in a liquid chromatograph for analysing 
the substances eluting from the chromatographic 
column. The known detector comprises a light 
source emitting a broad, spectrum of ultraviolet and 
visible radiation and an optical system for focusing 
the beam onto a sample cell through which the 
sample substances to be analysed flow. Depending 
on the specific substances flowing through the cell, 
the sample absorbs certain characteristic spectral 
portions of the radiation entering the sample cell so 
that the spectral composition of the radiation leav- 
ing the cell is indicative of the sample substances. 

In the known spectrometer, the spectrum of the 
radiation leaving the sample cell is derived by 
means of a diffraction grating arranged in the op- 
tical path behind the cell. The diffraction grating 
directs light rays of different wavelengths into dif- 
ferent directions. A linear array of photodiodes is 
arranged to receive the light diffracted by the grat- 
ing. Each diode thus receives light corresponding 
to a different wavelength range. The electrical sig- 
nals produced by the impinging light in each 
photodiode are read out by a read-out circuit and 
converted to digital data values which are repre- 
sentative of the intensity of the light impinging on 
the specific diode. These data values are then 
displayed as a function of wavelength in any con- 
venient form, for example on a CRT screen. Since 
all the photodiodes of the array can be read out 
within a very short time interval, typically in. the . 
range of milliseconds, it is possible to produce 
spectra representative for the contents of the sam- 
ple ceil at a specific point in time,, although the 
liquid is continuously flowing through the cell. 

An important criterion for the quality of a spec- 
trum is the spectral resolution, which indicates how 
well radiation components with closely" adjacent 
wavelengths are separated so that they can be 
identified as separate components. The resolution 
of a photodiode array spectrometer depends on 
various factors, e.g., the width of the- entrance slit 



of the spectrometer, the grating constant of the 
diffraction grating, and the number of photodiodes 
per unit length in the photodiode array. Typically, 
the photodiode array is the element in a 

5 , photodiode array spectrometer which limits the res- 
olution most. Although the resolution could theoreti- 
cally be increased by increasing the number of 
photodiodes per unit length and by decreasing the 
space between adjacent photodiodes, there are 

10 practical limits to the "packing density" of 
photodiodes. As a result thereof, the resolution of 
the known photodiode array spectrometer is limited 
and the achievable resolution is not satisfactory for 
some applications. 

rs Relative to this prior art, it is an object of the 

invention to provide a photodiode array spectrom- 
eter according to the preamble of claim 1 which 
has an improved spectral resolution. 

According to the invention, this object is solved 

20 by the characterizing features of claim 1 . 

According to an underlying principle of the 
invention, the spectrometer comprises displace- 
ment means for adjusting different relative posi- 
tions of the photodiode array and the beam dif- 

25 fracted by the diffraction means such that the 
wavelength ranges intercepted by the photodiodes, 
respectively, can be varied in small -steps. The 
wavelength range intercepted by a specific 
photodiode at a certain relative position of the 

30 photodiode array and the diffracted beam thus dif- 
fers from the wavelength range intercepted by. that 
photodiode at another relative position. The adjust- 
ment of different relative positions can be per- 
formed in such small steps that the wavelength 

35 intervals intercepted by a specific photodiode at 
two subsequent steps partially overlap. The spec- 
trometer according to the invention permits a finer 
sampling of the diffracted beam than prior art 
photodiode array spectrometers wherein the 

40 wavelength range impinging on a specific 
photodiode always remains the same. The inven- 
tion thus ensures improved spatial sampling of the 
diffracted beam and therefore, since different loca- 
tions in the diffracted beam correspond to different 

45 wavelengths,- improved spectral sampling, resulting 
in a ( . improved spectral resolution of the spectrom- 
eter. The invention also ensures that diffracted rays 
which, at one relative position of .the array and the 
diffracted beam, impinge on a gap between 

so . photodiodes, impinge on a photodiode at another 
relative position so that substantially all spectral 
information in the diffracted beam can be gathered, 
thus also contributing to an enhanced resolution. 

The relative displacement of the photodiode 
array and the diffracted beam can be achieved in a 
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plurality of ways, in one embodiment of the inven- 
tion, the displacement means comprise a rotatable 
transparent plate in the beam path in front of the 
diffraction means, whereby the beam displacement 
is due to the refraction of the beam and can be 
adjusted by adjusting the angle of rotation of the 
plate. An . advantage of this embodiment is that it 
can easily be implemented in a conventional 
.photodiode array spectrometer without requiring a 
rearrangement of the already existing components 
of the spectrometer. 

According to another embodiment of the inven- 
tion, a rotatable mirror arranged in the beam path 
in front of the diffraction means can be used for 
effecting the beam displacement. If, according to a 
further embodiment of the invention, the spectrom- 
eter is used for analysing a sample contained in a 
sample celj arranged to receive radiation from a 
radiation source, the beam displacement can be 
achieved by rotating the sample cell in the beam 
path, thus effecting a displacement of the beam 
due to refraction at the front and rear faces of the 
cell. 

According to another embodiment of the inven- 
tion, the relative displacement can be achieved by 
mechanically displacing the photodiode array; e.g., 
with a piezoelectric drive. 

For recording a spectrum, a predetermined 
number of relative positions of the diffracted beam 
and the photodiode array between an initial relative 
position and a final relative position are adjusted 
and for each such position all photodiodes of the 
photodiode array, are read out and the values are. 
stored. Preferably, the distance between the initial 
relative position and the final, relative position is 
selected to be equal to the distance between the 
centres , of adjacent photodiodes. In the . embodi- 
ment of the invention wherein the diffracted beam 
is displaced and the array is kept at a fixed posi- 
tion, this means that the diffracted beam as a 
whole is shifted in a plurality of steps by that 
distance, and in the embodiment wherein the 
photodiode array is shifted and the diffracted beam 
remains stationary, this means that the total dis- 
placement path of the array is equal to the distance 
between adjacent photodiodes. In both cases, it is 
ensured by the adjustment of different relative po- 
sitions of the diffracted beam and the array that the 
spectral information contained in the diffracted 
beam is completely scanned. For the generation of 
a spectrum, the thus obtained data values- are 
associated with wavelength values corresponding, 
to the position of the photodiode from which the 
data value has been derived, respectively. 

If the spectrometer according to the invention 
is used for analysing a sample contained in a 
■ sample cell through which a polychromatic beam of 
radiation passes, it is preferred that the final spec- 



trum is obtained by forming the difference between 
a first spectrum , recorded with the sample being 
present in the sample cell and a blank spectrum 
without the presence of the sample in the sample 

s cell, but with the other conditions being unchanged. 
In that way, it can be compensated for. any modi- 
fications of the light beam introduced by the sam- 
ple cell or a solvent in the cell such that the final 
spectrum only reflects the modification of the light 

w by the sample itself. 

In order to still further improve the resolution of 
the spectrometer, the spectrum can be further pro- 
cessed by performing a deconvolution of the spec- 
trum utilising the transfer function of the spectrom- 

/5 eter. The transfer function of the spectrometer can 
be calculated from the widths of the entrance slit 
and of the exit slit of the spectrometer, and from 
the dispersion and -imaging properties of the dif- 
fraction means. 

20 Subsequently, embodiments of the invention 

are explained in more detail with reference to the 
drawings. 

Figure 1 is a schematic diagram of an em- 
bodiment of a photodiode array spectrometer ac- 
25 cording to the invention. 

Figure 2 illustrates the displacement of a 
light beam when passing through the glass plate 
shown in Figure 1 . 

Figure 3a shows a spectrum obtained with a 
30 prior art photodiode array spectrometer. 

Figure 3b shows* a spectrum obtained with 
the spectrometer described with reference to Fig- 
ures i and 2. 

35 Figure 1 schematically shows an embodiment 

a spectrometer according to the invention, which 
allows to measure the absorption of a polych- 
romatic beam of ultraviolet or visible radiation by a 
sample to be analysed. The spectrometer com- 

40 prises a light source 1, e.g., a deuterium. lamp, 
which emits a beam "2 of polychromatic radiation. 
The beam 2 is focused by a lens system 3 into a 
sample cell 5. The lens system preferably is a 
achromatic system which ensures that rays of dif- 

45 ferent wavelengths substantially have the same fo- 
cal point. A shutter 4 is provided which permits to 
• interrupt the light beam 2 in order to measure the 
dark signaf at the photodiodes of the photodiode 
array 11. In the actual measuring process wherein 

so the beam 2 passes through the sample cell 5, the 
dark signal and other electronic offset signals are 
subtracted from the measuring values to compen- 
sate for any measuring errors. 

In the embodiment shown, the sample cell 

55 comprises an inlet 7 and an outlet 6 through which 
a sample liquid to be analysed flows continuously. 
The present spectrometer is particularly suited for 
use in a liquid- chomatograph wherein the inlet 7 is 
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connected to the chromatographic separation col- 
umn from which sample substances are continu- 
ously eluting. It is understood, however, that the 
spectrometer according to the invention can ad- 
vantageously be used for any application wherein a 5 
sample, either a liquid or a gas or a solid, is to be 
spectroscopically analysed. 

The polychromatic radiation entering the sam- 
ple ceil 5 is partially absorbed by the substances in 
the ceil, whereby, depending on the sample sub- w 
stances, rays of certain wavlengths are absorbed 
more strongly than rays of other wavelengths. As a 
result thereof, the beam leaving the cell has a 
different spectral composition than the beam enter- 
ing- the cell and the resulting spectrum thus con- is 
tains information about the kind of substances in 
the cell and about their quantities. 

The beam leaving the ceil is transmitted 
through a piane-parallel glass plate 8. The glass 
plate can be rotated around an axis 9 by means of 20 
a motor 1 4 so that any desired angle between the 
direction of the beam 2 and the normal to the front 
face of the plate can be adjusted. If the front face 
of the glass plate is arranged such that the angle of 
incidence of the beam is equal to zero, the incident 25 
beam passes through the plate without deflection. If 
the plate is rotated away from such an angular 
position, the beam is refFacted at the front face and . 
at the rear face of the plate due to the differences 
in refractive indices at the glass/air interfaces. As a 30 
consequence thereof, the outgoing beam is dis- 
placed relative to the incoming beam. The dis- 
placement of the beam by the glass plate is ex- 
plained in more detail below with reference to 
Figure 2. The plate can be made, e.g., from the 35 
material Suprasil which is transparent over a wide 
range of wavelengths from the ultraviolet to the 
visible spectral range. 

The beam from the glass plate 8 impinges on a 
holographic diffraction grating 10 which disperses 40 
the* light according to the different wavelengths in 
the beam impinging on it. The spatially separated 
light rays from the grating 10 impinge on a 
photodiode array 11 , which consists of a plurality of 
individual light-sensitive diodes 15, 16, etc., which 45 
are separated by light-insensitive gaps. Each of the 
photodiodes intercepts a specific spectral portion 
of the diffracted radiation. According to a typical 
example, the array 11 comprises 211 photodiodes 
with a center-to-center spacing of (31 micrometers so 
and a gap width of 14 micrometers. 

The photodiode array 11 is connected to a 
read-out circuit 20 for periodically reading out elec- 
trical signals from each of the photodiodes 15, 16 
etc., whereby these signals are indicative of the 55 
intensity of the light signals impinging on the re- 
spective photodiode. The read-out circuit may be, 
for example, the read-out circuit used in the HP 



Model 1040A Spectro photometric Detector 
(described in Hewlett- Packard Journal, April 1984, 
pages 31-41). The electrical signals from the 
photodiode array 1 1 are then further processed in a 
signal processing circuit 21 which typically com- 
prises an anaiog-to-digrtal converter and circuitry 
for storing and further processing these digital val- 
ues. 

The signal processing circuit 21 also com- 
prises circuitry for correcting the electrical signals 
from the individual photodiodes regarding the 
above-mentioned dark currents of the photodiodes 
and for other effects. Preferably, the final spectrum 
to be displayed on a display means 22 is derived 
by successively recording two intensity distribu- 
tions (i.e., spectra), a first intensity distribution with- 
out sample in the sample cell, and a second inten- 
sity distribution with the sample cell being filled 
with the sample, and by electronically subtracting 
the two intensity distributions from each other. The 
thus obtained values form the final spectrum and 
are displayed in a single diagram on a display 
screen or in the form of a hardcopy. In such a 
diagram, the horizontal axis represents the 
wavelength of the diffracted light and the vertical 
axis represents the light intensity at the respective 
wavelengths or, according to an alternative graphi- 
cal representation, the amount of light absorbed by 
the sample. An example of such a diagram is 
shown in Figure 3. 

The operation of the array read-out circuit 20, 
the signal processing circuit 21, and the display 
means 22 is controlled by a controller 23, typically 
comprising a microprocessor. The controller 23 
also controls the angular setting of the rotatable 
plate 9 by providing corresponding control signals 
to the motor 14, 

As can be seen from the embodiment shown in 
Figure 1 , a spectrometer according to the invention 
can be constructed by a comparatively small modi- 
fication of a conventional photodiode array spec- 
trometer, namely by adding a rotatable glass plate 
including corresponding drive and control means. 
For example, a spectrometer according to the in- 
vention can be obtained by providing the above- 
mentioned Hewlett-Packard Spectrophotometry 
Detector HP 1040 A (described in Hewlett-Packard 
Journal, April 1984, pages 31-41) with a rotatable 
^lass plate 8 as shown in Figure 1 and by appro- 
priately controlling the rotation of the plate and the 
remaining operation of the detector. 

According to the embodiment of the invention 
shown in Figure 1, the resolution of a spectrum is 
improved by 'reading out the photodiode array 11 
at a plurality 'of angular settings of the rotatable 
glass plate 8 and by producing from all the read 
out signals a composite spectrum in a way to be 
described in more detail below. By adjusting the 
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angular setting of the plate, the direction of the 
beam after passage through the plate can be ad- 
justed. As a consequence thereof, the direction of 
the beam diffracted from the grating 10 towards the 
array 11 can also be adjusted, so that the diffracted 
beam scans the array in small steps resulting in. an 
improved sampling of the spectral information con- 
tained in the diffracted beam. 

In the following, the shift of the beam 2 when 
passing through the plate 8 is explained with refer- 
ence to Figure 2. At the interface 12 between the 
surrounding air and the glass plate 8, the incoming 
beam 2 is refracted in dependence of the refractive 
indices of the plate and the environment and the 
angle of incidence. When leaving the plate 8, the 
beam is refracted- again at the interface 13 so that 
the outgoing beam is paralieiy displaced with re- 
spect to the incoming beam by an amount r. Ac- 
cording to the law of refraction, the displacement r 
is equal to: 

r = sin e«d«(n-1)/n (1) 

whereby e is the angle of incidence of the beam 2, 
d is the thickness of the plate 8 t n is the refractive 
index of the plate, and 1 is the refractive index of 
air. 

In an embodiment of the invention, the diffrac- 
tion grating 10 is a concave grating which focuses 
the diffracted rays on the photodiode array 1 1 such 
that the image scale is 1, i.e., that the grating does 
neither magnify nor demagnify. For such a grating, 
any displacement r of the beam at the plate 8 as 
shown in Figure 2 also occurs with the same 
amount at the photodiode array 11, so that the 
displacement of a diffracted ray at the photodiode 
array upon rotation of the plate 8 by a known angle 
e can be calculated directly from equation (1). 

For the purpose of illustration, the following 
example is to be considered. Assume that the 
grating generates a 1:1 imaging and that the 
center-to-center spacing between adjacent 
photodiodes in the photodiode array is 61 microm- 
eters. If the total displacement r of an arbitrary ray 
diffracted from the grating and therefore of the 
whole beam 2 passing through the plate 8 is se- 
lected to be 61 micrometers, it is ensured that alt 
diffracted rays impinge on a photodiode at some, 
angular position of the plate. Using a glass plate 
with a thickness of 1,5 millimeters and a refractive 
index of 1,5 , the corresponding angle by which the 
glass plate 8 has to be rotated from the position 
perpendicular to the beam 2 would be 7 degrees. 
This total angular range is covered in a plurality of 
angular steps and for each such step the 
photodiodes are read out and the corresponding 
data are stores.' Considering the general case of a 
center-to-center spacing p of adjacent photodiodes 
and a step width s of the beam displacement at 
each step, the following equation has to be met to 



ensure complete scanning of the diffracted beam: 
r£p-s (2). 

It is understood that the diffraction grating may. 
have any imaging properties and is not limited to 
5 the 1:1 imaging as in the above example. It is 
furthermore understood that the diffraction means 
in a spectrometer need not be a grating but that 
any diffraction element, for example a prism, could 
. be used. 

io Subsequently, a typical procedure for record- 

ing, a spectrum with the apparatus shown in Figure 
1 is described. For illustrating the procedure, refer- 
ence is made to Figures 3a and 3b which show 
spectra for a sample of benzene, respectively. Fig- 

75 ' ure 3a shows a spectrum of a benzene sample 
obtained with a photodiode array spectrometer ac- 
. cording to the prior art arid Figure 3b shows a 
spectrum of the same sample obtained with a 
photodiode array spectrometer according' to the 

20 invention. The light source, the lens system, the 
sample cell, the grating and the photodiode array 
used in both cases are identical! In the graphical 
representations of Figures 3a and 3b, absorbance 
(unit: au) is plotted versus wavelength (unit: nm). 

25 Absorbance is a quantity representative of the 
amount of light absorbed by the sample at a spe- 
cific wavelength. The plots shown in Figures 3a 
and 3b are typical for chromatographic applications 
wherein the sample in the sample ceil has eluted 

30 from a chromatographic column. 

The spectra in Figures 3a and 3b consist of a 
plurality of data points, whereby each such date 
point is derived by means of a signal processing 
circuit from the signal .measured at a specific 

35 photodiode of the photodiode array. For example, 
the data points 31, 32. 33, 34 in Figure 3a are 
derived from four adjacent photodiodes in the ar- 
ray. In the graphical representation of Figure 3a 
and 3b, the diode numbers are indicated above the 

40 horizontal (wavelength) axis. In figure 3a, the data 
points are connected with solid lines in order to 
provide a better graphical impression of the spec- 
trum. 

The spectrum shown in Figure 3b is obtained 
45 in the following manner: In a first step, a reference 
or "blank" spectrum comprising a plurality of data 
points is derived and stored, whereby the sample 
eel! 5 does not contain the sample. In a second 
step, a sample spectrum is derived and stored, 
so with the sample cell being filled with the sample. 
The number of data points of the sample spectrum 
is equal to the number of data points of the refer- . 
ence spectrum. Then, the difference of the two 
■ spectra is formed by subtracting for each data 
55 point the absorbance values of the data points of 
the blank spectrum from the absorbance values of 
the corresponding data points of the sample spec- 
trum. The result is the spectrum shown in Figure 
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3b. ■ 

The reference spectrum and the sample spec- 
trum are obtained in the same manner by repeat- 
edly performing the following steps: reading out all 
photodiodes of the array, processing the read out 
signals and storing the processed signals, and ro- 
tating the glass plate 8 by a small angle to a new 
angular position. In the example according to Fig- 
ure 3b, the glass plate 8 is rotated in 26 angular 
steps through a total angle of 7 degrees. Assuming 
a total number of n photodiodes of the photodiode 
array, n data points are recorded at each angular 
position of the plate 8. Since - the plate is suc- 
cesiveiy positioned at 26 different angles, the total 
number of data points in the complete reference 
spectrum or the complete sample spectrum is 26 
times n. For each new angular position of the plate 
8, a specific photodiode intercepts a different por- 
tion of the beam from the grating 10 and con- 
sequently a different wavelength range. Thus, ab- 
sorbance values can be derived at substantially 
more wavelengths than in a prior art photodiode 
array spectrometer, so that the spectral resolution 
is substantially enhanced. In the above-mentioned 
example, the number of data points can be in- 
creased by a factor of 26 as compared to the 
spectrum of Figure 3a recorded with the spectrom- 
eter according to the prior art For further illustra- 
tion of the invention, consider the region of the 
spectrum of Figure 3a between the data points 31 
and 32 : In the known photodiode array spectrom- 
eter, there are only two data points in this region, 
whereas in the spectrum shown in Figure 3b, there 
are 26 data points in this region ensuring higher 
resolution. In the prior art spectrum of Figure 3a, 
these two data points correspond to the signals 
derived from two adjacent photodiodes, whereas 
the mentioned 26 data points in the spectrum of 
Figure 3b correspond to the signals derived from a 
single photodiode at 26 different angular positions 
of the plate 8. 

In an al ternative embodiment of the invention, 
the displacement of the beam impinging on the 
diffraction means can be accomplished by means 
of a rotatable mirror arranged in the beam path 
between, the sample ceil and the diffraction means. 
The mirror reflects the beam transmitted from the 
sample cell to the diffraction means, whereby the 
beam displacement can be adjusted by adjusting 
the angle of rotation of the mirror. 

In another embodiment, the diffraction means 
itself can be rotatable around an axis perpendicular 
to the array, so that the required beam displace- 
ment can be achieved by adjusting the angle of 
rotation of the diffraction means. 

According to still another embodiment of the 
invention, the relative shift of the diffracted rays 
and the photodiode array is not accomplished by ' 



an additional optical element in the optical path in 
front of the array, but by displacing the array itself. 
In principle, such a displacement can be performed 
by any drive means that permits to shift the whole 

s array in small steps along a line, for example a 
stepping motor coupled to appropriate gears. Pref- 
erably, however, a piezoelectric element coupled to 
the photodiode array is used as drive means, be- 
cause the displacement of such an element can be 

w controlled in a simple way by applying a cor- 
responding voltage. The procedure for recording, a 
spectrum is substantially the same as the one 
described in the above-mentioned embodiment 
with the exception that instead of a stepwise rpta- 

rs tion of a glass plate, there is a stepwise linear 
displacement of the array 11. 

It is understood that a spectrometer according 
to the invention can be used for determining the 
spectral composition of any kind of electromagnetic 

20 radiation, for example radiation in the visible or in 
the ultraviolet or in the infrared spectral range, 
provide the photodiodes of the array are sensitive 
in these spectral ranges, respectively. 

It is furthermore understood that the principle 

25 of the invention can generally be used for improv- 
ing the resolution in the scanning of a spatial 
radiation distribution with a photodiode array. 

30 Claims 

1 . Photodiode array spectrometer for determin- 
ing the spectral composition of a polychromatic 
beam of radiation, comprising; 

35 - diffraction means for receiving the polychromatic 
beam of radiation and for generating therefrom a 
diffracted beam comprising a plurality of spatially 
separated diffracted rays of different wavelengths, 
and 

40 - a photodiode array for receiving at least a portion 
of the diffracted beam, with the array comprising a 
plurality of photodiodes intercepting different 
wavelength ranges of the diffracted beam, each 
wavelength range comprising a plurality of diffract- 

45 ed rays of different wavelengths, 

characterized in that for improving the spectral 
resolution of the spectrometer, displacement 
means (8,14) are provided for adjusting different 
relative positions of the photodiodes (15,16, ...) of 

so the array (11) and the diffracted rays (Xi,\2 A3), 
such that the wavelength ranges intercepted, by 
any specific photodiode at different relative posi- 
tions are different from each other. 

2. Photodiode array spectrometer as in claim 1 , 
55 characterized in that the displacement means 

comprise a. transparent plane-parallel plate (8) ar- 
ranged to receive the polychromatic beam (2) of 
radiation and to transmit the -beam towards the 
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diffraction means (10), the plate being, rotatable . 
around an axis (9) by drive means (14), so that, 
due to refraction, the beam leaving the plate (8) is 
displaced relative to the beam entering the plate by 
an amount which is dependent on the angle of s 
inclination of the plate relative to the direction of 
the incoming beam (2). 

3. Photodiode array spectrometer as in claim 1 , 
characterized in that the displacement means 
comprise an . arrangement coupled to the 10 
photodiode array (11) for controllably shifting the 
array. 

4. Photodiode array spectrometer as in claim 3, 
characterized in that the arrangement, for shifting 

the photodiode array (11) comprises a piezoelectric 15 
element. 

5. Photodiode array spectrometer as in claim 1 , 
characterized in that the displacement means 
comprise a mirror arranged to receive the polych- 
romatic beam and to reflect that beam towards the 20 
diffraction means, the mirror being rotatable around 

an axis, so that the direction of the beam impinging 
on the diffraction means (10) can be adjusted de- 
pending on the angle of inclination of the mirror 
relative to the beam direction. 25 

6. Photodiode array spectrometer as in any of 
the preceding claims, 

characterized by control means (23) for control- 
ling the displacement means (8,14) such that for 
recording a spectrum a plurality of different relative 30 
positions of the diffracted beam and the photodiode 
array (11) are adjusted in subsequent steps, with 
the difference in relative positions between the first 
step and the last step corresponding to the dis- 
tance between the centres of adjacent photodiodes 35 
(15,16) in the photodiode array (11). 

7. Photodiode array spectrometer as in any of 
the preceding claims, 

characterized by control means (23) for perform- 
ing a deconvolution of a recorded spectrum using 40 
the transfer function of the spectrometer. 

8. Use of a photodiode array spectrometer as 
in any of the preceding claims for spectroscopically 
analysing a sample, with the sample being ar- 
ranged to receive a polychromatic beam of radi- 45 
atton from a light source (1) and the beam transmit- 
ted through a sample being directed to the diffrac- 
tion means (10). 
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